4A3455).
Introduction
Extensive pioneering work by Sato and Ross (1,2) has shown that various cell lines can be propagated in chemically defined serumfree culture medium and that transferrin (Tf), the major irontransporting protein, is an essential supplement, together with serum albumin, insulin, selenite, and various hormones and growth factors. We have extensively used defined medium to culture pituitary cells as rotation-mediated reaggregates (3) . The supplements were serum albumin, transferrin, insulin, ethanolamine, and selenite, but growth factors and hormones [except dexamethasone for growth hormone (GH) studies] were not required. Recently, we gregates consisting of NL + IL cells, Tf-lir was located in dusters: no co-localization with ACTH or a-MSH could be demonstrated. Reaggregate cell cultures of AP and NL + IL secreted Tf-lir as measured by radioimmunoassay, at least during 21 days of culture. After metabolic labeling with [35S]-methionine and immunoprecipitation of [35S]-methionine-labeled material present in the culture medium of both AP and NL + IL aggregates with anti-Tf antiserum, a 35S-labeled substance was found, which on SDS-PAGE showed an apparent Mr of m78 KD, corresponding to the Mr of rat Tf. The present data show that a specific population of cells of rat anterior pituitary is capable of synthesizing, storing, and secreting transferrin or a substance closely related to it. Cells different from melanotrophs and S-100 cells in the IL, as well as pituicytes in the NL, also appear to produce this material. We suggest that transferrin or a transferrin-like substance may have a local role in the transport of iron or other metals or may play a role as growth factor in the three lobes of the pituitary gland. isolated various growth factors influencing the postnatal development of lactotrophs, somatotrophs, and corticotrophs from culture medium conditioned by gonadotroph-enriched aggregates from 14day-old rat pituitary (4) (5) (6) . In an attempt to purify these growth factors, the Tf supplement of the culture medium was felt to be a major contaminant (8 mg/liter), potentially complicating purification strategies. It was therefore tested whether the protein could be omitted from the culture medium soon after the aggregates had been formed. To our satisfaction, the aggregates remained intact and secreted the same growth factors for several weeks in comparable amounts (our unpublished observations). This suggested that pituitary cells may be capable of synthesizing Tf or a transferrinlike (Tf-lir) substance themselves.
Here we present evidence that material cross reacting with a specific anti-rat Tf antiserum is synthesized, stored, and secreted by specific cells of the anterior pituitary (AP) as well as by the neurointermediate lobe (NIL).
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Materials and Methods
Animals. Fourteen-day-old female and adult male Wistar rats, obtained from the University Animal Breeding Facility (Heverlee. Belgium), were used throughout this study. The animals were kept in an environment that maintained constant temperature, humidity, and day-night cycle and had free access to pellet food and tapwater. Rats were sacrificed by decapitation between 0830 and 0930 hr.
Preparation of Reaggregate Cell Cultures. Pituitaries or APs (NIL removed during dissection) or NIL alone were cut into small tissue blocks and dispersed into single cells after treatment with 2.5% trypsin (1:250, type T0646; Sigma, St. Louis, MO), DNAse, and EDTA, as previously described (4) . The dispersed cells were suspended in serum-free defined culture medium as previously described (3) . transferred to untreated Petri dishes (30-mm diam) (Nunc; Roskilde, Denmark) (2 x lo6 ceM2 ml) and allowed to reassociate into aggregates on an Ilfors HT gyratory shaker (Bottmingen, Switzerland) in a humidified CO2 incubator (63 rpm, 37"C, 1.5% COz), as described (3, 4) . For experiments in which Tf-lir released by cultured pituitary cells was measured by radioimmunoassay, aggregates were cultured in the same defined medium, but from which Tf (human) had been omitted.
Single and Double Immunostaining Procedures. Intact pituitaries (AP, AP + NIL, and NIL alone) or aggregates of pituitaries (AP, AP + NIL, and NIL alone) were fixed in Zamboni fluid (4% paraformaldehyde, 15% saturated picric acid in phosphate buffer, pH 7.6) (7) for 7 hr (intact pituitary) and 4 hr (aggregates) at room temperature (RT) and embedded in Paraplast (Sherwood Medical Industries; St Louis, MO) as previously described (4). Briefly, 2-pm sections were cut with a Ralph-type glass knife on a Reichert Supercut 2050 microtome (Cambridge Instruments; Buffalo, NY). After removal of the Paraplast, sections were enzymatically etched with bovine pancreatic trypsin (Type 111; Sigma) (0.1% 5 min) pre-absorbed with 20% normal swine serum (Dakopatts; Glostrup, Denmark) and incubated overnight with anti-rat Tf antiserum 1:20,000. The antiserum was raised in rabbits using highly purified rat aobtained from Organon Teknika (Durham, NC) (8) . Accofding to the company, rat Tf was purified from pooled rat sera by salt fractionation, gel filtration, ion exchange chromatography, and immunoabsorption. By immunoelectrophoresis, no trace of other crossreacting serum proteins could be detected. As shown previously (8) , the antiserum used detected Tf-lir at a dilution of 1:400,000 in cultures of Sertoli cells, a cell type well known to produce Tf (9) (detection limit 10 nglml). Tf staining was also performed using a purified rabbit IgG fraction to rat Tf (1:10,000) (Organon Teknika). The IgG fraction was prepared from the specific rabbit antiserum by delipidation, ammonium sulfate fractionation, and anion exchange chromatography. Folliculo stellate cells were stained for S-100 protein with a bovine S-100 antiserum (1:lOO) (Dakopatts). Pituicytes of the NL were stained for S-100. For the staining reaction, avidin-biotinylated horseradish peroxidase complex (ABC) (Dakopatts) was used after being coupled to the primary antiserum by biotinylated swine anti-rabbit immunoglobulins (Dakopatts) (1:400). As color reagent, 3J'-diaminobenzidine.4HCl (DAB) (Serva; Heidelberg, Germany) was used. Double immunostaining was performed according to the method of Vandesande as described previously (10) . Briefly, after staining with DAB, the first sequence antibodies and ABC. but not the DAB precipitate, were electrophoretically eluted (2 hr, 40 mAmp) using 0.5 M NaCI-0.2 M glycine-HCI, pH 2.2, as electrode buffer and a mixture of 0.2 M glycine, N,Ndimethylformamide and distilled water (respectively 30, 60, and 120 ml) (pH 2.2) in the slide chamber. After a wash in Tiis-saline (TS; 0.01 M Tris, 0.9% NaCI, and 0.004% thimerosal) and pre-absorption with 20% normal swine serum in TS, the slides were incubated overnight with the second primary antiserum, raised against the Various pituitary hormones [prolactin (PRL), growth hormone (GH), adrenocorticotropic hormone (ACTH), thyroid-stimulating hormone (TSH), luteinizing hormone (LH), and folli-cle-stimulating hormone (FSH)] and S-100. Anti-rat PRL-IC-5 antiserum (1:15,000), anti-human ACTH-IC-2 antiserum (1:1600), anti-rat TSHp antiserum (1:5000), anti-rat LH-S-10 antiserum (1:18,750), and anti-rat FSHB antiserum (1:2000) were obtained from Dr. A.F. Parlow through the National Hormone and Pituitary Program (NIDDK; Torrance, CA). Anti-rat GH antiserum (1:2000) and anti-rat a-MSH antiserum (1:500) were obtained from UCB Bioproducts (Braine-l' Alleud, Belgium). The second staining was vizualized by the alkaline phosphatase-conjugated avidin-biotin complex (1 hr at RT) (Dakopatts) after being coupled to the primary antibodies by biotinylated swine anti-rabbit immunoglobulins (Dakopatts) (dilution 1:400), naphthol-ASMX phosphate (Serva), and Fast blue (Serva). The second staining resulted in a blue color. The specificity of the Tf-lir staining was tested by pre-absorption with purfied rat Tf(0rganon Teknika), which abolished staining (see Results). Omission of primary antisera abolished staining and incubation with pre-immune rabbit serum did not result in staining. The specificity of the double staining method has been shown previously (10) .
Tf Radioimmunoassay. Tf-lir released by the pituitary cell aggregates in the culture medium was measured by RIA using specific anti-rat Tf antiserum (see above), as reported previously (8) . The detection limit was 10 ng/ml. Culture medium was renewed each time after sampling (every 2-3 days). Although the anti-rat Tf antiserum did not detect any human Tf normally used in the culture medium (Tfconcentration being 8 mg/l), these RIA experiments were performed on conditioned medium of aggregates cultured in Tf-free medium.
[35S]-Methionine Labeling and Immunoprecipitation. After 2 days in culture, aggregates (from AP, NIL, and AP + NIL) were washed in methionine-deficient medium and incubated with [3'S]-methionine [ 200 pCi/ml; specific activity 1096 Cilmmol (ICN Biomedicals; Asse-Relegern. Belgium)] in methionine-deficient minimal essential medium (MEM). After 4 hr the medium was supplemented with non-radioactive methionine in a final concentration of 1 mM and further incubated overnight. The culture medium was then centrifuged for 5 min (13,000 rpm) to remove the cell aggregates. Pre-clearing of nonspecifically binding antigenic material from the medium was done as follows. Normal rabbit serum was added to all samples (30 p1/1 ml medium). After incubation at 4°C on a rocker platform for 1 hr, protein A-Sepharose (Pharmacia Biotech; Rosendall, Netherlands) was added (40 mg/ml in 2% BSA in PBS) for 1 hr and the supernatant was recovered by centrifugation ( 5 min, 13,000 rpm). To immunoprecipitate 3'S-labeled Tf-lir material, samples were then incubated with the polyclonal rat anti-Tf antiserum (1:8000) (see above) at 4°C on a rocker platform for 1 hr. Normal rabbit serum was added to the negative control sample. Protein A-Sepharose was added as before and the immunoprecipitate was collected by centrifugation (10 min, 13,000 rpm). The pellets were washed three times with 1 ml TNE buffer (100 mM Tiis-HCI, 150 mM NaCI, 1 mM EDTA, pH 8.3), and finally the pellets were resuspended in electrophoresis sample buffer (2% SDS, 10% glycerol, 100 mM dithiothreitol, 60 mM Tris, pH 6.8, and 0.001% bromophenol blue). The samples were heated ( 5 min in boiling water) and centrifuged (5 min, 13,000 rpm) and the supernatants run on SDS-PAGE (10%) (11) . Finally, the gel was exposed to Agfa XAR film (Agfa Gevaert; Mortsel, Belgium) and the 3'S-labeled material was visualized by autoradiography Computer Image Analysis of Stainability of Tf-lir Cells after Preabsorption of Tf Antiserum with Authentic Rat Tf. Authentic rat Tf was obtained from Organon. Measurement of staining intensity of Tf-lir cells was performed using a light optic microscope (Orthoplan; Leitz, Wetzlar. Germany) and a computer image analysis system equipped with color detection (Quantimet 500; Leica, Cambridge, UK). To analyze the optical density of the Tf-lir cells, the mean gray level of each detected object was measured (= sum of the gray levels divided by the number of pixels measured). For each experimental condition, gray levels were measured in 10 different sections.
Expression of Data and Scariscia. Quantitative data are expressed as mean 2 SE. Statisrical analvsis was bv two-sample r-rest.
Results
Immunocytochemistry
Tf-lir was found in the different lobes of the pituitary of immature as wcll as adult rats (Figure 1) and was localized in the cell cytoplasm. In the AP most Tf-lir cells were ovoid or polygonal. They showed a remarkable distribution. An area of densely clustered cells extended from dorsal (near the IL) to ventral parts of the lateral lobes. In addition flattened pcrisinusoidal cells, particularly in the central part of the AP. also showed Tf-lir. In the IL. small clusters of stellate cells stained intensely for Tf ( Figure 2 ). Diffuse staining was seen in the NL. To assess the staining specificity. the staining intensity of Tf-lir cells in reaggregate cultures of NILcclls was measured by computerized image analysis after prc-absorption of the anti-Tfantiscrum with different concentrations of authentic rat Tf. In control conditions (no pre-absorption), the mean gray level of stained cells was 147. 19 = 0.44 (n = 83 objects). When prcabsorption was done with 10 nmollml crystalline BSA, mean gray level was 147.64 2 0.5 (n = 73 objects). Prc-absorption with 0.01 nmollml rat Tfresulted in a mean gray levcl of 145.35 = 0.21 (n = 132 objects), whereas with 0.1 nmollml rat Tf it was 133.5 0.5 (n = 34 objects) (p<O.OOl compared with BSA control). Preabsorption with 1 nmollml of rat Tfcompletcly abolished staining in aggregate cell cultures (Figures 3A and 3B) and in intact pituitary ( Figures 3C and 3D) . Replacing the anti-rat Tfantisemm with prc-immune rabbit serum at the same dilution also abolished staining (not shown). Tf-lir cells showing the same shape and distribution were also detected with purified anti-rat Tf IgG ( Figure 3E ). Double immunostaining for Tf-lir and the different AP hormones was performed to identify the AP cell types that contained Tf-lir. A small percentage of Tf-lir cells in the AP also stained for LHlFSH ( Figure 4A ) or GH (data not shown) but not for PRL, TSH, ACTH, or a-MSH (data not shown). Rough estimates of these percentages of Tf-lir cells also staining for LHlFSH and GH were 7% and 3%. respectively. In the IL ( Figure 4B ). none of the Tf-lir cells stained for ACTH or a-MSH. Double staining for S-loo was not successful. However, in both the AP and the IL. the shape and distribution of S-100-positive cells (folliculo stellate cells) completely differed from that of Tf-lir cells (Figure 2 ). In reaggregate cell cultures, Tflir cells were found mainly as single cells scattered in relatively low numbers throughout the aggregate. In aggregates from the NIL they were located mainly in clusters. Their number was considerably higher than in AP aggregates. As shown by double immunostaining, Tf did not co-localize with any of the AP hormones in AP aggregate cell cultures. Figure 4C s h w double staining for Tf and PRL (other hormones not shown). In NIL cultures, Tf-lir staining was not found in ACTH or a-MSH cells (Figure 4D) . Double staining for S-100 was not successful. 
RIA of Secreted Tf/ir Materia(
Culture medium deprived of human Tf(which is normally added to our culture medium at a concentration of 8 mglliter) in which aggregates of AP or NIL (from 14-day-old female rats) (2 x IO6 cells/,? ml culture medium) had been incubated for 2 days, was collected and the amount of Tf-lir was measured by RIA. Values  of 52.5 t 3.3 nglml (n = 3) in the AP and 1297.3 2 90.5 nglml (n = 3) in the NIL aggregates were found. After 14 days in culture. the amount of Tf-lir released from AP cells was 32.25 t 4.9 nglml (n = 4) and after 21 days in culture it had decreased to 22.2 t 2.8 nglml (n = 3). In one experiment it was below the detection limit. In the NIL, however. the amount of released Tf-lir remained well detectable even after 21 days in culture (300 nglml; n = 2). The decline, however, was more prominent than in the APcell cultures. 
--
Metabolic Labeling with [3JS]-Methionine una' Immunoprecipitation Studies
Aggregates from 16 x IO6 AP cells, 6 x lo6 AP + NIL cells, and 4 x lo6 NIL cells of 14-day-old female rats were used. The culture medium of the respective aggregates, which had been incubated with [ 3%]-methionine. was collected and treated with anti-Tf antiserum (see Materials and Methods). The immunoprecipitated 35Slabeled proteins were run on a 10% SDS-PAGE. As shown in Figure 5 , autoradiography of the 3%labeled proteins released from AP, AP + IL, and NIL preparations revealed a significant signal with an Mr of 78 KD, which corresponds to the Mr of rat Tf (11) . Figure 5 , Lane 4 clearly shows that the NIL (4 x IO6) is a more important site of synthesis than the AP (16 x lo6), which confirms the RIA results. In Figure 5 , Lane 2 a band corresponding to Tf, secreted by AP cell aggregates, can clearly be distinguished. a remarkable topography: an area of densely clustered Tf-lir cells extended from dorsal parts near the IL to more ventral parts of the lateral lobes of the AP. Flattened perisinusoidal cells also showed Tf-lir, particularly in the central part of the gland. In the IL, Tf-lir cells were stellate and organized in clusters. Double immunocytochemistry, using antisera against pituitary hormones, revealed the presence of Tf-lir in some gonadotrophs and somatotrophs but not in lactotrophs, corticotrophs, thyrotrophs, or melanotrophs. No evidence was found for localization in folliculostellate cells, as the shape and distribution of folliculostellate cells in both AP and IL completely differed from that of Tf-lir cells.
Tf-lir cells remained detectable in reaggregate cell cultures of the AP and NIL for at least 3 weeks, suggesting local synthesis. In AP aggregates, Tf-positive cells were randomly dispersed, whereas in cultures of the NIL Tf-lir cells occurred in clusters. However, in contrast to the intact pituitary. Tf-lir never co-localized with any of the AP hormones. The reason for this discrepancy remains unknown but may indicate that, in vivo, Tf is internalized in some hormone-secreting cells, whereas its site of synthesis is in nonhormonal cells. As a matter of fact, co-localization in vivo was found only in a very small percentage of the Tf-lir cells.
As shown by RIA, Tf-lir molecules are released from AP as well as NIL cultures. During the first 2 days of culture, considerable
Discussion
In this report we demonstrate, for the first time to our knowledge, the presence of transferrin (Tf) or a molecule closely related to Tf in the three lobes of rat pituitary. As detected by immunostaining in the AP, Tf-lir cells had an ovoid or polygonal shape and showed amounts of Tf-lir could be detected in the culture medium of aggregates from AP and NIL; the NIL reaggregate cell cultures, however, secreted several times more. During the culture period the amount of Tf-lir released from AP aggregates decreased gradually to low levels at 21 days of culture. In the NIL, however, a considerable amount of Tf-lir was still secreted even after a 21-day culture period, but the decline was proportionally larger. suggesting different control mechanisms in the AP vs the NIL. Maintenance of Tflir in cells and culture medium suggests that Tf-lir is synthesized and released within AP and NIL.
When metabolic labeling with [ 3SS]-methionine and immunoprecipitation studies using specific anti-Tf antibodies were performed on aggregates of AP, NIL, and AP + NIL. autoradiography of the 3>S-marked proteins revealed the presence of a protein with an Mr of 78 KD, corresponding to that of rat Tf, clearly suggesting de novo synthesis. On a per cell basis, the NIL is a more important site of synthesis of Tf-lir than the AP, which confirmed our RIA results.
Although the liver is the main site ofTf production (12) , several other tissues including the brain (13) (14) (15) (16) , testicular Sertoli cells (9) . bone marrow (17) . peritoneal macrophages (18) . placenta (18) . fetal lung (18J9). heart (18) . stomach (18) . kidney (18) . and mammary gland (20) have been shown to produce Tf-lir. The present investigation shows that the pituitary is also a tissue producing Tflike material. However, the physiological role for locally produced Tf-lir in the pituitary as well as in the other tissues remains speculative. The well-recognized function of Tf is the transport and the delivery of Fe and several other metal ions such as Zn, Cu, Ga, and AI. It is possible that iron-loaded Tf from blood is taken up by endothelial cells and that iron is deposited within endothelial cells and is then delivered to a pituitary-derived Tf-like substance for transport to target cells in the pituitary, where they could be needed as co-factors for enzymes in metabolic processes (12, 21) . A similar pathway for the uptake and distribution of iron has been demonstrated in adult rat brain (22) . It has been suggested that Tf could be a detoxifier of some metal ions by removing these ions from the interstitial fluid of the cells, as described for GHI rat pituitary tumor cells (23) . for mesencephalic dopaminergic neurons derived from rat embryonic brains (24) . and for human lymphocytes (25) . Tf has also been proposed as a neuromodulator in the developing vertebrate nervous system (26) . Furthermore, a growth factor-like activity for Tf has been demonstrated in several tissues. A lung-derived growth factor for lung-metastasizing tumor cells has been identified as Tf (27) . Tf derivatives have growth factor activities in acute myoblastic leukemia (28) . Furthermore, Sirbasku and colleagues (29) (30) (31) have identified thyromedin, a mediator of thyroid hormone-dependent growth of GHI rat pituitary tumor cells, as apotransferrin. The co-localization of Tf in some gonadotrophs might be related to the mechanism for central hypogonadism in some patients with hemochromatosis.
In conclusion. the present investigation has shown the synthesis, storage, and release of Tf or a closely related molecule in the three lobes of the rat pituitary. A putative local role in the transport of iron or as's growth factor remains to be studied.
